Introduction
The decision to perform adjuvant chemotherapy in breast cancer patients has usually been based on risk factors for recurrence, including tumor size and lymph node metastasis [1] . However, the indications for chemotherapy are sometimes uncertain, especially in patients without lymph node involvement. Thus, the ability to identify patients who would not benefit from chemotherapy has long been a key issue. With recent advancements in genomic microarray technology, it has become possible to perform gene profiling and thereby obtain clinically useful information. van de Vijver et al. [2] developed the MammaPrint ® system to evaluate the risk of breast cancer recurrence by profiling the expression levels of 70 specific genes. Using 10-year outcome data from an untreated breast cancer patient population, these 70 critical genes, which showed the highest correlation with the likelihood of distant recurrence, were chosen from among 25,000 genes for the MammaPrint profile. The ability of the 70-gene profile to predict disease relapse has been supported by a number of retrospective studies [2] [3] [4] [5] . The TRANSBIG Consortium showed the 70-gene profile data to be equivalent to tumor size, grade and estrogen receptor (ER) status for predicting the outcomes of node-negative patients [3] . The 70-gene profile was included in the 2009 St Gallen International Expert Consensus, together with OncotypeDX, another gene profiling kit [6] . Since obtaining approval from the Food and Drug Administration in the USA, the 70-gene profile has been widely used in early breast cancer patients.
Since the concept of intrinsic subtype was introduced at the 2011 St Gallen Consensus meeting [6] [7] [8] [9] , the application of 'classical' risk factors has become increasingly rare and there has been a shift toward consideration of the response to drug therapy. While chemotherapy is generally recommended for patients who have Keywords MammaPrint · 70-Gene expression profile · Breast cancer · Japanese patients · Prognosis [2] [3] [4] [5] [14] [15] [16] such that data on Asian patients are minimal [17, 18] . In a retrospective study of 102 Japanese women, Ishitobi et al. [17] showed that the 70-gene profile accurately identified Japanese breast cancer patients at low risk of developing recurrences. The purpose of our present study was to use the 70-gene profile to determine the gene profiles of patients treated surgically at our institution. We will follow up these patients and assess the possible clinical application of the 70-gene profile for choosing adjuvant treatments.
Patients and Methods
We examined intraoperative specimens from patients with invasive breast cancer who underwent surgery during the 2-year period from November 2009 to November 2011 at our hospital. We chose patients who were clinically node negative and had tumors > 15 mm in diameter, to ensure an adequate tissue sample size for the 70-gene profile evaluation. We excluded patients who had received chemotherapy prior to surgery. Among clinically node-negative cases, if sentinel lymph node metastasis was detected during surgery, no further investigation was performed. We accumulated 50 cases in total for the 70-gene profile analysis. The clinicopathological features of these patients were also examined (table 1).
All fresh samples, 5 mm in each direction, collected intraoperatively and immediately preserved using the 70-gene profile kit generously provided by Agendia N.V., were sent to Agendia's laboratory in The Netherlands for analysis. If a sample contained invasive cancer tissue comprising less than half of the volume, the sample was judged to be inadequate. We obtained informed consent, with ethics committee approval, from all participants before sample collection.
All immunostaining results were assessed by 2 pathologists at Juntendo University Hospital. The pathological diagnosis, including tumor structure, was made according to the 'General Rules for Clinical and Pathological Recording of Breast Cancer' (ed 17) published by the Japanese Breast Cancer Society. Nuclear grade was judged using the modified Bloom-Richardson histological grades. ER and progesterone receptor (PR) status were assessed semi-quantitatively and reported as positive when > 10% of the cells in a tumor showed nuclear staining, which was the standard cut-off value at that time. The HercepTest TM (Dako, USA) was used for the detection of HER2. HER2 overexpression was demonstrated as strong staining of the entire membrane in > 10% of the tumor cells or as weak to moderate staining, and HER2/neu amplification was confirmed by fluorescent in situ hybridization. Ki-67 was assessed in hot spots with 500-1000 cancer cells, using a mouse monoclonal antibody (Dako, USA) and reported as high when > 30% of the tumor cells showed nuclear staining.
Correlations between the 70-gene profile risk category and clinicopathological factors were assessed using the Chi-square test. Student's t-test was used to compare mean patient age and tumor size (2-tailed paired). P values < 0.05 were considered significant.
The primary endpoint of this study was the final assessment of how well the 70-gene profile evaluation results agreed with the currently used risk categorizations. The secondary endpoint was the prognostic utility of the 70-gene profile in breast cancer patients.
Results
Among the 65 patients enrolled in this study, 5 were found to have sentinel lymph node metastasis during surgery. In another 10 samples, the 70-gene profile failed due to an inadequate volume, despite our efforts to carefully choose patients and obtain samples of adequate size. Samples from the remaining 50 cases were used for the 70-gene profile analysis. The 70-gene profile classified 36 patients as low-risk and 14 as high-risk patients. All 50 cases in this study were HER2 negative. The absence of HER2-positive tumors was a consequence of registering patients in sequence according to our criteria.
Relationships between the 70-Gene Profile and Tumor Grade, Ki-67 and Other Markers
When the low-and high-risk groups according to the 70-gene profile results were compared, there were no significant differences in patient age or tumor size (table 1) . In this study, we chose tumors that were clinically > 15 mm in diameter. Moreover, most patients with large tumors (e.g. > 50 mm) were given chemotherapy before surgery. These background factors could have affected the observation that there was no difference between the low-and high-risk groups in tumor size. In the high-risk group, there were significantly more ER-negative (p < 0.05) and/or highly Ki-67-expressing (p < 0.01) tumors. When 14% was set as the cut-off value for distinguishing between luminal A-like and B-like tumors, the same trend was observed. Tumors with low Ki-67 expression were all in the low-risk group. In contrast, all tumors in the high-risk group showed a high level of Ki-67 expression. 
Comparison with the St Gallen 2007 Risk Categorization
We classified our 50 cases using the 2007 version of the St. Gallen risk categorization (SG 2007) [1] and compared the 70-gene profile results between women at high and low risk of recurrence (table 2) . Of the 38 cases judged to be at intermediate risk based on the SG 2007, 27 (71%) were in the low-risk group and 11 (29%) in the high-risk group based on the 70-gene profile.
Comparison with Intrinsic Subtype Categorization Results
Next, the results were reanalyzed using the intrinsic subtype classification [9] (table 3) . In this study, luminal B-like was defined as a luminal tumor that was PR negative and/or showed high Ki-67 expression (> 30%). The patients were categorized into 3 groups, luminal A-like, luminal B-like, and triple negative, as no patients had a HER2-type tumor. 1 of the 30 luminal A-like tumors (3%) was judged to be in the high-risk group based on the 70-gene profile results, while 7 of 20 tumors (35%) categorized as luminal Blike or triple negative were in the low-risk group.
Discussion

Comparison of the 70-Gene Profile and the St Gallen 2007 Consensus
Among the 38 cases with intermediate risk according to the SG 2007, 27 (71%) were in the low-risk group based on the 70-gene profile results (table 2) . These patients thus might not obtain a relevant benefit from adjuvant chemotherapy [15, 19] . In contrast, 3 patients who were judged to be at low risk based on the SG 2007 but at high risk by the 70-gene profile might have benefited from chemotherapy.
The 70-Gene Profile and Ki-67 Expression
In our study, being categorized as high risk by the 70-gene profile correlated well with high Ki-67 expression. We found 60% of the luminal B-like tumors to be in the high-risk group, while only 3% of the luminal A-like tumors were considered to carry a high risk for recurrence (table 3) . Focusing only on the cases with Ki-67 staining in > 50% of the cells in order to ensure that we were examining only luminal B-like tumors, there were 4 such cases and just 2 were categorized into the high-risk group. Taken together, these observations allow us to conclude that the 70-gene profile cannot be replaced by Ki-67 staining results. fig. 1 . 9 patients in the SG 2007 control group developed recurrent disease during a median followup period of 58 months. Significantly more patients (71%) in the high-risk than in the low-risk 70-gene profile and SG 2007 control groups received adjuvant chemotherapy. This is presumably because doctors actively recommended these treatments, after obtaining the 70-gene profile results. Table 4 shows how many of the patients to whom chemotherapy should have been recommended according to SG 2007 actually received these treatments. In the SG a Defined as PR < 10% and/or Ki-67 > 30%. 
Contribution of the 70-Gene Profile to Patient Outcomes
The 70-Gene Profile in Japanese Patients
Since most of the 70-gene profile evidence has been established in Europe [2] [3] [4] [5] [14] [15] [16] , there is little information pertaining to Asian patients [17, 18] . Ishitobi et al. [17] retrospectively examined 102 Japanese women using the 70-gene profile. After a median of 7.2 years of follow-up, 12 of 82 high-risk patients developed recurrent disease, while all 20 low-risk group patients remained recurrence free. Na et al. [18] argued against employing criteria from Western countries for Asian patients because of racial differences. However, we believe that there is no valid reason for not using the current gene profiling methods based on possible racial differences. The only major difference in breast cancers between Asian and Westerners has been reported to be the peak age of onset, while other epidemiologic and clinical outcome data showed significant similarities [20] . In fact, treatments for our patients are determined based on the St Gallen Consensus and National Comprehensive Cancer Network guidelines. To our knowledge, this study is the first prospective investigation of the 70-gene profile in Japan. We believe that our results will allow us to confirm the validity of using the 70-gene profile in Asian patients and we plan to follow up our study subjects for 10 years.
Adaptation of the 70-Gene Profile to Current Management Strategies
The 70-gene profile was developed during the period when risk categorizations such as the SG 2007 were still in widespread use. Now, its significance is tested under the current subtype classification. As to how reliably the 70-gene profile identifies patients who would not benefit from chemotherapy, 71% (27 patients) in the intermediate group based on the SG 2007 criteria were categorized as low-risk patients based on the 70-gene profile results ( Recently, other gene classifiers have been developed [21, 22] . PAM50 is expected to predict late recurrence in patients with ERpositive breast cancer [21] . The 70-gene profile results were previously regarded as predicting patient outcomes, i.e. as a prognostic factor, rather than responses to treatment. However, based on the results from the TRANSBIG Consortium [3] , the 70-gene profile results, in combination with subtype classification, could now serve as a factor predicting treatment responsiveness. Although final conclusions cannot be drawn until further investigations have documented long-term patient outcomes, we believe the significance of the 70-gene profile to actually be increasing. The results of ongoing trials (e.g. MINDACT) [23, 24] are eagerly awaited and we will continue to follow up the patients in our current study.
As to the relatively high rate of sampling failure (17%, 10 out of 60 cases), this is mainly because samples must be taken during/just after surgery in a short time, with a narrow vision at that time. This problem has been overcome owing to technological development as, at present, samples can be retrospectively carefully taken from formalin-fixed, paraffin-embedded surgical specimens.
Our results indicate the applicability of the 70-gene profile to Japanese patients and its potential value in current clinical practice for devising individualized treatments, although further follow-up is required and additional confirmatory studies using a larger sample size are needed to evaluate the significance of our results. 
